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(54) OPTICAL FIBER WITH LENS 

(57) "mere is provided a lensed optical liber (20) in 
which a lens is formed on the end face of an optical f ber 
to enhance the efficiency of optical coupling with a light 
beam. Trie tip end portion of an optical fiber (21) is 
formed with a lens (26) formed into a wedge shape hav- 
ing two slant portions (24) symmetrical with respect to 
an axis (Ac) of a core (22) and a plane portion (25) per- 
pendicular to the axis of the core. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a lensed opti- s 
cal fber in which a lensis formed on the end face of an 
optical ffoer to enhance the efficiency of optical coupling 
with a light beam. 

BACKGROUND ART w 

[0002] In order to enhance the efficiency of optical 
coupling of a light beam from a light source Buch as a 
laser diode device with an optical fiber, there has been 
used a lensed optical fiber in which a lens is formed on is 
the end face of an optical f ber. For example, as shown 
in FIG. 4. a lens 2 formed on the end face of an optical 
f ber 1 has an external form consisting of a hyperboloi- 
dal portion 2a and a spherical portion 2b inscribed In the 
hyperboloidal portion 2a. The optical ffoer 1 having the 20 
I ns 2 of this form has a high efficiency of optical cou- 
pling with a light source. For laser diode having a gener- 
ating wavelength of 0.98 v,m at the center, the maximum 
optical coupling efficiency can be obtained when a 
radius R of the spherical portion 2b inscribed in the 25 
hyperbdoidal portion 2a is generally 1.5 to 5 |im (see 
USP No 5.256.851). 

[0003] As shown in FIG. 5. there also has been pro- 
posed an optical fber having a lens 12 of a wedge- 
shaped external form having two-stage tapered portions 30 
12a and 12b with different angles of 61 and 62. respec- 
tively (see USP No. 5,455,879). An optical fber 1 1 hav- 
ing a lens 12 of a form shown in FIG. 5 also exhibits a 
high optical coupling efficiency. 
[0004] However, the aforementioned lensed optical 
f bers have the following problems: 

1) For the lens 2 of the first form shown in FIG. 4, 
the hyperboloidal portion 2a is formed by being pol- 
ished using a flat plate polishing machine while the 
angle between the optical fber and the polishing 
machine is adjusted. Therefore, for the lens 2 of the 
first form, it is difficult to fabricate the hyperboloidal 
portion 2a with high reproducibility, so that the yield 
decreases. Also, the optical coupling efficiency var- 
ies sensitively depending on the diameter of the 
spherical portion 2b. which also results in a 
decrease in yield. 

For the lens 2 of this form, it is difficult to accu- 
rately determine the boundary between the hyper- 
boloidal portion 2a and the spherical portion 2b 
when the radius of the spherical portion 2b 
inscribed in the hyperboloidal portion 2a is meas- 
ured. Therefore, the lens 2 of this form presents a 
problem in that the inspection for external form 
takes much time. 

2) The lens 12 of the second form shown In FIG. 5 
is polished while the angl between the optical fber 



11 and the polishing machine is kept constant, 
Therefore, the lens 12 of the second form can be 
fabricated more easily than the lens 2 of the first 
form. However, for the lens 12 of the second form, 
because two-stage tapered portions 12a and 12b 
with different angles of 81 and 02 are formed, the 
fabrication takes much time, and the reproducibility 
of form and increase in yield are limited. 

[0005] Accorcfingly, an object of the present invention 
is to provide a lensed optical fber which has no afore- 
mentioned drawbacks of the conventional lensed optical 
f bers and, more specifically, to provide a lensed optical 
fber which has a high efficiency of optical coupling with 
a light source, and can be fabricated with high fabrica- 
tion accuracy and high yield. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been made based 
on a new knowledge obtained as a result of earnest the- 
oretical study of the conventional lensed optical fber. 
The present invention provides a lensed optical fiber in 
which a lens is formed at the tip end of an optical fiber 
having a oore and a cladding, characterized in that the 
lens is formed into a wedge shape having two slant por- 
tions symmetrical with respect to an axis of the core and 
a plane portion perpendicular to the axis of the core. 
[0007] The lensed optical fber having the tip end por- 
tion of the aforementioned shape has a high optical cou- 
pling efficiency. Also; since the shape of this tip end 
portion is a simple one formed by three planes, the 
lensed optical fber can easily be fabricated with high 
accuracy and high yield. Also, the inspection for exter- 
nal form can be made easily. 
[0008] Preferably, an angle between the slant portion 
and the plane portion is set at 1 1 0 to 1 70°. and the dis- 
tance between two intersecting lines on which the 6lant 
portion and the plane portion intersect with each other 
is set at 1 to 4 *im. Thereby, the lensed optical fiber in 
accordance with the present invention preferably has an 
efficiency of 40% or higher of optical coupling with a 
tight source. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

FIG. 1A is a front view of a tip end portion of one 
embodiment of a lensed optical fber in accordance 
with the present invention; 
FIG. 1B is a side view of a tip end portion of the 
lensed optical fber shown in FIG. 1 A; 
FIG. 2 is a view for illustrating the measurement of 
optical coupling efficiency of the above embodi- 
ment; 

FIG. 3 Is a characteristic diagram showing the rela- 
tionship between an angle 6 which a slant portion 
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makes with a plane portion and the optical coupling 
efficiency for the above embodiment; 
FIG. 4 is a perspective view of a conventional 
lensed optical fiber; and 

FIG. 5 is a schematic vi w of another conventional 
lensed optical fiber. 

BEST MODE OF CARRYING OFF THE INVENTION 

[0010] An embodiment of the present invention will be 
described in detail with reference to the accompanying 
drawings. 

[0011] FIG. 1A and FIG. 1 Bare a front view and a side 
view, respectively, of a tip end portion of one embodi- 
ment of a lensed optical fiber 20 in accordance with the 
present invention. In the figures, an optical f ber 21 has 
a core 22 with a circular cross-sectional shape and a 
cladding 23. The tip end portion of the optical fiber 21 is 
formed with a Ien6 26 consisting of a wedge-shaped 
portion formed by two slant portions 24 which is sym- 
metrical with respect to a core axis Ac and a plane por- 
tion 25 which is perpendicular to the core axis Ac. An 
angle which the slant portion 24 makes with the plane 
portion 25 is taken as 0, and a distance between two 
intersecting lines on which the slant portion 24 and the 
plane portion 25 intersect with each other is taken as 
2d. 

[0012] The aforementioned lensed optical fiber 20 
was manufactured by a fabrication procedure as 
descrfoed below. 

[0013] First the tip end of the optical fber 21 was 
cleaved to form the plane portion 25 which was perpen- 
dicular to the core axis Ac. 

[0014] Next the optical fiber 21 was polished while an 
angle between a flat plate pofishing machine and the 
core axis Ac is kept at a desired angle (0 - 90°) using a 
jig. By this polishing process, the tip end of the optical 
fiber 21 could be made the wedge-shaped lens 26. 
[001 5] As described above, the tensed optical fber 20 
of this embodiment can be manufactured by cleaving 
the tip end Into the plane portion 25 and by polishing the 
slant portion 24 at the tip end of the optical fber 21 by 
onetime angle control. For the lensed optical fiber 20, 
therefore, the fabrication process was very simple, the 
yield was increased easily, and the fabrication cost was 
decreased. 

[0016] For the lensed optical fiber 20. the optical cou- 
pling efficiency was evaluated under the conditions 
shown in FIG. 2. 

[0017] A laser diode, for example, having a generating 
wavelength of 0.98 urn at the center was used as a light 
source 30, and the intensity distribution (mode field) 
pattern of emitted light from the light source 30 was 
made an ellipse having a major axis of 4.8 urn and a 
minor axis length of 1 2 um Also, the mode field pattern 
of the optical fber 21 constituting the lensed optical fiber 
20 was made a circle having a diameter of 6.0 urn. 
Here, the distance between the light source 30 and the 



lensed optical fiber 20 was made the optimum distance 
at which th highest optical coupling efficiency can be 
obtained, for example. 10 ^m.and the minor axis direc- 
tion of the mode field pattern of the light source 30 was 

5 made a direction perpendicular to the direction of the 
intersecting line on which the slant portion 24 and the 
plane portion 25 intersect with each other. 
[0018] Under the above conditions, the efficiency of 
optical coupling with the light source 30 was evaluated 

10 by changing the angle 6 between the slant portion 24 
and the plane portion 25 with the distance between two 
intersecting lines on which the slant portion 24 and the 
plane portion 25 intersect with each other being used as 
a parameter. 

is [0019] The results are shown in FIG. 3, in which the 
abscissa represents (180-6) and the ordinate repre- 
sents the coupling efficiency. 
[0020] Here, the optical coupling efficiency was 
obtained from P2/P1, where P1 is the whole power of 

20 light emitted from the light source 30, and P2 is the 
power of Rght incident on the optical fber. 
[0021 ] As seen from FIG. 3. in the range of 1 .0 to 4.0 
jim of the distance 2d and 110 to 1 70° of the angle e (in 
the figure, (180 - 6) - 10 to 70°). an efficiency of 40% or 

25 higher of optical coupling with the light source 30 was 
obtained. In particular, in the case where 2d - 2.0 urn 
and d - 140 to 150° ((180 - e) - 30 to 40°). an optical 
coupling efficiency as high as 90% was obtained. 
[0022] As a comparative example, the optical coupling 

so efficiency of a lensed optical fber, in which the tp end 
portion is not of a planar shape perpendicular to the 
core axis Ac and a lens 2 shown in FIG. 4 is formed, 
was measured under the aforementioned conditions. As 
a result, an optical coupling efficiency of 97% at a max- 

3s imum was obtained. 

[0023] Thus, the lensed optical fber of this embodi- 
ment exhibits a high optical coupling efficiency which is 
by no means inferior to the comparative example. Con- 
sidering the high workability, an excellent lensed optical 

40 fber which can be mass-produced at a low cost can be 
provided. 

INDUSTRIAL APPLICABILITY 

45 [0024] The present invention offers an excellent effect 
that there can be obtained a lensed optical fiber which 
has a high optical coupling efficiency and can be fabri- 
cated with high accuracy and high yield. 

so Claims 

1. A lensed optical fber in which a lens is formed at 
the tip end of an optical fber having a core and a 
dadding, characterized in that said lens is formed 
55 into a wedge shape having two slant portions sym- 
metrical with respect to an axis of said core and a 
plane portion perpendicular to the axis of said core. 
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2. A lensed optical fiber according to claim 1 . wherein 
an angle between said slant portion and said plane 
portion is 110 to 170°, and the distance between 
two intersecting lines on which said slant portion 
and said plane portion intersect with each other is 1 s 
to 4 jam 
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